In this paper, the outdoor microcellular radio propagation characteristics at 3.5 GHz are simulated and analyzed by the method of SBR/Image (Shooting and bouncing ray tracing/Image). A good agreement is achieved between the results simulated and the results given in published literature. So the correctness of the method has been validated. Some simulated propagation parameters of LOS (Line-of-sight) and NLOS (None-line-of-sight) have been compared. The analysis of the above results provides the foundation for the coverage of outdoor microcellular systems.
Introduction
As mobile communication service has increased dramatically in recent years, the microcellular systems [1] - [5] are needed to accommodate more users with limited resource of frequency. So it is important to predict propagation characteristics (such as path loss, RMS delay spread) for better wireless coverage of outdoor microcellular systems. The ray tracing techniques are usually employed to study the radio wave propagation of outdoor microcellular environments. The several most popular ray tracing techniques are image method, brute force ray tracing, deterministic ray tube method and the method of SBR/Image. Image method [6] has good efficiency for it does not require the reception tests. However, images of scatters are difficult to find in complex environments. Brute force ray tracing [7] can be used in complex environments, but it needs reception tests. A deterministic ray tube method [8] saves computer resources, but it needs to create a ray tree based on the actual environment. SBR/Image method [9] can be used for complex environment, and it can find all propagation paths from the transmitter to the receiver with high accuracy and computational efficiency. So this method is a valuable method which can be applied to predict the radio wave propagation. Figure 1 shows the top view of simulation environment in [10] which is a rectangular with dimensions 380 × 180 m. The value of the relative permittivity r ε and the conductivity σ is chosen as 3, 0.005 S/m for buildings and 15, 7 S/m for the ground. In the simulation, vertically polarized omnidirectional antennas with 0 dBi are used for both the transmitter and the receiver. The heights of transmitter antenna and receiver antenna are 25 m and 1.5 m. The frequency of transmitted signal is 3.5 GHz, and the emitted power is 0 dBm. The receiver trajectories include line-of-sight (A-C-B) street, none-line-of-sight (A-C-D) street, the parallel street (E-F) and the perpendicular street (G-H). Figure 2 shows signal path loss versus distance between the transmitter and the receiver. A good agreement is achieved between the results simulated and the results given in literature [10] , so the correctness of our method has been validated. It is found that signal path loss increases as distance increases, and it rapidly increases when the receiver moves along NLOS street, because there is no direct ray and the diffracted rays are definitely dominant. When a receiver moves along the LOS street A-C-B, the NLOS street A-C-D, the parallel street E-F and the perpendicular street G-H, the path loss and the RMS delay spread are presented in Figure 3 and Figure 4 , respectively. In Figure 3 , the path loss of LOS path shows the lowest decay because the direct ray is dominant. In the street A-C-D, signal path loss increases rapidly when the receiver runs into the NLOS region (C-D). The path loss also increases as distance increases when the receiver moves along the parallel street (E-F). However, it is easily found that the path loss is much larger than that of the LOS path. The plotted path loss curves of streets both A-C-D and E-F are seen to agree closely for distance greater than 200 m. In Figure 3 , the curve of street G-H is first down and then up, an obvious decrease of the path loss is observed when the receiver moves toward the crossroad.
Simulation Environment

Simulation Results
The RMS delay spread is the square root of the second central moment of power delay profile. It is an important parameter to characterize wide-band multipath channels. In this paper, the RMS delay spread of four paths is plotted in Figure 4 . The delay spread of LOS path is below 0.2 s µ . It is seen from Figure 4 that the delay spread of the NLOS path increases rapidly compared with LOS path, which means intersymbol interference (ISI) is larger than that of LOS region. When the receiver moves along the parallel street (E-F) and the perpendicular street (G-H), the delay spread presents sharp fluctuation for more obstructions hinder the radio wave reaching to the receiver compared to the LOS street. 
Conclusion
In this paper, the method of SBR/Image is employed to study the radio wave propagation in outdoor microcellular environment at 3. 
